Introduction
The work of several investigators, including BONNER (2), WHITEHEAD and MITCHELL (18) , has shown that low air temperatures greatly reduce the growth rate of guayule plants and at the same time bring about an increase in their rubber percentage and, conversely, that high air temperatures increase the growth and decrease the rubber percentage. However, aside from two brief unpublished reports (4, 6) little information is available as to the effect of soil temperatures on the growth, carbohydrate and rubber production of guayule. This paper presents results obtained where guayule plants were grown at the same air temperature but at different soil teimiperature levels.
Methods
Durinig the experiments, all the plants were grown in soil in 5-gallon metal cans. These cans were submerged in water in the controlled temperature taniks described by CAMPBELL and PRESLEY (7) and located in the greenhouse. Twelve tanks, each holding eight cans, were available, four of these 12 were refrigerated and eight heated. For the most part two of the tanks, holding a total of 16 cans, were maintained at the same temperatures. This allowed a total of six different soil temperatures to be maintained during one experiment. When the plants were harvested, they were grouped into four replications of four plants each. The temperature of the soil in the cans was held within two degrees of that desired. The air temperature averaged about 760 F, with a minimum of 700 at night and a maximum of 900 during the day.
In the first experiment, 5-month-old seedlings were trimmed back to a single stem about four inches long and 3 of an inch in diameter and transplanted on February 12, 1947 to the soil in the cans. This resulted in a fairly uniformii set of planits at the start of the experiment. The plants were all grown for six weeks at a uniform soil and air temperature to give them a good start, then grown from April 1 to June 10 in soil temperatures of 40, 50, 65, 70, 80 and 90°F and the air temperatures of 760 F. On June 10, the plants were washed from the soil and their dry weight, moisture, carbohydrate, resin and rubber content deterluined.
In the second experiment, plants that had been seeded in greenhouse benches in February 1947, grown until July 1947, then hardened off by withholding water until the middle of November, were used. These plants were cut back to a single stalk about four inches long and -56" in diameter and transplanted to the cans on November 15, 1947 . The plants were grown at constant soil temperatures of 700 until January 2, 1948 when the differential soil temperatures were applied.
These consisted of 45, 55, 65, 75, 85 and 950 F and were imposed on the plants from January 2, 1948 until they were harvested on May 1, 1948. At the time of harvest, dry weights, moisture, carbohydrate, resin and rubber contents were determined.
The soils used in the two experiments were quite different. That of the first, classified as a type of Salinas fine sandy loam non-calcareous phase, was a dark soil that gave a very rapid initial but much reduced later growth. That of the second, classified as Greenfield coarse sandy loam, gave a steady and fairly rapid growth over a long period of time.
At the time of the harvest, the leaves were picked from the plants by hand, the stems and roots separated, and the various determinations made on all three plant parts. The dry weights and moisture contents were determined by drying the plants to a constant weight in a ventilated oven at 650 C. The water-soluble carbohydrates consisting of the free sugars, levulins, and inulin were determined by the method of TRAUB and SLAT-TERY (17) , while total pentosans were estimated according to the method of McRARY and SLATTERY (11) . Resins and rubber hydrocarbon were determined according to the method of TRAUB (15) . Analyses of variance were carried out on the data and the difference required for significance at the 5%o level, calculated according to the methods described in HAYES and IMMER (9) .
Data
In presenting the data the dry weights of the flowers, leaves, stems, and roots are given. The percentage content of the various materials in the leaves was determined but, with the exception of the total pentosans which averaged about 10%, the content of these materials was small and did not vary significantly with treatments. Therefore, for the sake of brevity, the results of the analyses on the leaves have been omitted.
The dry weight of the various parts of the plant that grow above ground, i.e., flowers, leaves, and stems, increased with increased soil temperature up to 80 or 850 F in both experiments, then decreased with further increase in temperature. The maximum dry weight of the roots, however, was obtained at a soil temperature of 650 F in both experiments, although the dry weights at 70°and 750 did not differ significantly from those at 65°( fig. 1) In experiment 1, when the differential temperatures were first applied, the plants in the 40, and 500 tanks quickly wilted, in spite of the soil being very wet, and remained so for about four days. As a result of this observation, the moisture percentage of the plants in the various treatments was closely observed at the time of harvest. The results in figure 2 show that the moisture content of all parts of the plants was lowest at the lowest soil temperature, but reached a maximum at about 650 or 700 F.
The moisture contents at the highest soil temperatures, except in the leaves, were usually significantly lower than at 650 but not nearly as low as those at 400 and 45°. Results seem to indicate that the guayule plants have difficulty in absorbing sufficient water at both low and high tem-peratures but that much greater difficulty is encountered at the low temperature. Except for the free sugar content of the stems, which did not differ, the percentages of free sugars, levulins, and inulin in both experiments were highest at the lowest soil temperature, decreased rapidly as the soil temperature was increased to 650 F, but did not change significantly with further increases in soil temperature. The pentosan content, on the other hand, was lowest at the lowest soil temperatures, reached a maximum at 650 and 700 F, then showed no change as the soil temperature was further increased (table I). The percentages of the various carbohydrates were generally considerably higher in the stems than in the roots.
No very general statements can be made concerning the grams per plant of the carbohydrates, except that the low soil temperatures seem to favor the accumulations of the levulins and inulin, which are the important carbohydrate reserves (14, 16) . The percentage of resins in the roots and stems of experiment 1 was lowest at the 650 and 700 soil temperature and increased as the temperature was raised or lowered. In experiment 2, the highest resin percentage was found at the lowest soil temperature and gradually decreased as the soil temperature increased ( fig. 3) . The actual amount of resins per plant was greatest in both experiments at soil temperatures of 800 to 85°i n the stems and at 650 in the roots (fig. 4 ).
The rubber percentage in the stems and roots in the first experiment decreased as the soil temperature was increased from 400 to 650 F, then increased as the soil temperature was increased from 65°to 900. In the second experiment, the rubber percentage continued to decrease as the soil temperature was increased from 450 to 950 ( fig. 5 ). In spite of the different behavior of the rubber percentages in the two experiments, the maximum amount of rubber on a grams-per-plant basis was produced in next to the highest temperatures, i.e., 800 and 850 F, with the exception of the roots of the plants in the second experiment when the maximum amount was produced at a soil temperature of 650. However, even in this instance, the amount produced in the stems at the soil temperature of 850 was so much greater than at 650 that the total amount produced by the entire plant was greatest at 850 F ( fig. 6 ).
Discussion
In discussing the results, it seems necessary to stress the difference in growth responses of the plants in the tor was suppressing the growth of the plants in experiment 1 and not in experiment 2. This factor must be kept in mind in considering the results obtained with the various constituents.
In spite of the differences in growth rates, the results of the two experiments in an air temperature of 750 F indicate that a soil temperature of 80 to 85a F is optimum for the growth of the above-ground parts (flowers, leaves, and stems) of guayule plants, and 650 F is the optimum soil temperature for root growth. ERICKSON The action of the low temperatures in slowing down the growth is, of course, related to the direct effect of temperature on various chemical reactions. In addition, the wilting of the plants at the start of the experiment and the low moisture content of the plants suggest that, even though abundant moisture is present in the soil, the roots cannot take it in rapidly enough to meet the demands of the tops, especially when they are in a higher temperature than the roots.
The percentage content of the various constituents show two rather distinct trends. Regardless of the growth made by the plants, particu- (2, 18) , drought (1, 10), reduction of available essential elements as nitrogen and phosphorus (3, 12) , and even boron (13) , rubber accumulates rapidly. BON-NEB and GALSTON (5) have stated that it would seem that rubber accumulation occurs particularly under conditions favorable for assimilation but unfavorable for excessive vegetative growth. The experiments reported here seem to emphasize this point. The air temperatures surrounding the leaves were favorable for photosynthesis, while the low soil temperatures (below 650 F) were unfavorable for rapid vegetative growth and the rubber percentage was higher in the low temperature in both experiments. Soil temperatures above 650 were favorable for vegetative growth and where no growth-suppressing factor was present (experiment 2) the rubber percentage decreased, but where such a factor was present (experiment 1) the rubber percentage increased.
In these experiments, regardless of soil temperature, the air temperature was the same yet the percentages of the various constituents in the tops varied with changes in soil temperature almost exactly as they did in the roots. Of course, to obtain a complete picture of the influences of soil temperature, the air temperature should also be varied. Such experiments are for the future. However, these results do show that, regardless of air temperature, soil temperatures will have a marked influence on the gowth and chemical composition of the above-ground portion of the plants.
With the exception of the water-soluble carbohydrates in the roots of both experiments and the stems of experiment 1, the grams per plant of the various constituents more closely followed the trend in dry weight of the plant 'part than the percentage of the dry weight they made up. In other words, the yield per plant under the conditions of these experiments depended more on the effect of the soil temperature on the total dry weight of the plant than on the percentage composition of the compound under consideration. Thus, the highest total yield of rubber occurred in both experiments in the -plants grown in the next'to' the highest soil temperature or at 800 and 85°F, even though in 'experiment 2 these plants had a relatively low rubber percentage and in experiment 1 they had a relatively high one. This' is important from the standpoint of rubber yields as it indicates that, other conditions being equal, the fairly high soil temperatures will result in the greatest production of rubber. Summary 1. Two experiments are reported in which guayule plants were grown in a constant air temperature of about 760, but in soil temperature varying from 400 to 950 F. The soil of the first experiment produced a very rapid initial but a reduced later rate of growth; that of the second produced a fairly rapid rate of growth throughout.
2. In both experiments, the maximum dry weight of the above-ground parts of the plants occurred at a soil temperature of 800 to 850 F and of the roots at a soil temperature of 65°F, while the lowest dry weight of all parts of the plants occurred at 400 to 450 F.
3. In experiment 1, the difference, between the highest and lowest dry weights at the different soil temperatures was proportionately very much less than between those of experiment 2, indicating that some factor such as soil, or condition associated with the year of the experiment, was limiting the growth of these plants so that growth response to soil temperature could not be expressed as it was in experiment 2.
4. The percentage of free sugars, levulins, and inulin in both experiments dropped rapidly as the soil temperature was increased to 650 F, but no further change occurred as the soil temperature was increased to 950 F.
5. The percentage of rubber and resin in the stems and roots in both experiments decreased as the soil temperature was raised from 400 to 650 F, and in the plants of experiment 2 continued to decrease with further increases in soil temperature up to 950 F. In experiment 1, however, where the growth seemed to be depressed, the resins and rubber percentages increased as the soil temperature was raised from 65°to 900 F. It is concluded that low soil temperatures will tend to increase the rubber percentage in guayule plants but that high soil temperatures per se will not necessarily mean a low rubber percentage.
6. The yield of rubber on a grams-per-plant basis was associated with the dry weight of the plant rather than the percentage content. The highest yield was obtained from the plants in the 
